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1
ACTUATOR, AND ACTUATOR ARRAY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an actuator which acts as a
light deflector, and includes a plate member, such as a mirror,
operating on a substrate, and provides predetermined func-

tions with the plate member 1n operation, a method of pro-
ducing the actuator, an optical system using the actuator, and

an 1mage forming device.

2. Description of the Related Art

Various kinds of light deflection methods, light deflection
devices, and methods of fabricating the light deflection
devices have been proposed. For example, Japanese Laid-
Open Patent Application No. 2004-78136 (hereinafter
referred to as “reference 17°) discloses a light deflection device
in which a plate member (such as a mirror) without a fixed end
1s confined 1 a space, and 1s 1nclined with a supporting
member at a center by an electrostatic attractive force to
deflect incident light 1n one axial direction or two axial direc-
tions.

In other light deflection devices disclosed 1n reference 1, a
contacting voltage 1s applied to the plate member (for
example, the mirror), or, the plate member 1s electrically
floating (held up by electrostatic force). Reference 1 also
discloses light deflection methods of the light deflection
devices, respectively, namely, methods for driving the respec-
tive light deflection devices.

A typical structure of the light deflection device and a
typical driving method thereof disclosed 1n reference 1 are
briefly described below.

FIG. 16 A through FIG. 16D are a plan view and cross-
sectional views 1llustrating a structure of a light deflection
device disclosed 1n reference 1.

Specifically, FIG. 16 A 1s a plan view of the light deflection
device, FI1G. 16B 1s a cross-sectional view along an AA' line
in FIG. 16 A, FIG. 16C 1s a cross-sectional view along a BB'
line1n FIG. 16A, and FIG. 16D 1s a cross-sectional view along
a CC' line 1in FIG. 16A. Note that the light deflection device
shown 1n FIG. 16A through FIG. 16D corresponds to one
actuator of a two dimensional light deflecting array including
plural actuators.

As shown 1n FIG. 16A through FIG. 16D, the light deflec-
tion device includes a substrate 101, plural regulation mem-

bers 102, a supporting member 103, a plate member 104, and
plural electrodes 105a, 1055, 105¢, and 1054.

The regulation members 102 are arranged at corners of the
substrate 101, respectively, and each of the regulation mem-
bers 102 has a stopper at 1ts top.

The supporting member 103, which 1s arranged on the
surface of the substrate 101, has a top part formed of a con-
ductive matenial.

The plate member 104 does not have a fixed end, namely,
the plate member 104 1s not fixed. On the upper portion of the
plate member 104 there are a light reflecting area and a
conductive layer formed from a member with at least a con-
ductive part. At the bottom of the plate member 104 at least a
contacting part, which 1s 1n contact with the top of the sup-
porting member 103, 1s formed of a conductive member. The
plate member 104 1s movably arranged 1n the space sur-
rounded by the substrate 101, the supporting member 103,
and the stoppers of the regulation members 102. The voltage
on the plate member 104 1s supplied through contact with the
supporting member 103.
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The electrodes 105a, 1055, 105¢, and 1054 are arranged on
the substrate 101, and are substantially opposite to the con-
ductive layer of the plate member 104.

In the above light deflection device, because of a combi-
nation of voltages applied on the electrodes 105a, 1055, 105,
1054, and the supporting member 103, as shown in FIG. 16C
and FIG. 16D, the plate member 104 1s inclined in four
directions. The four directions are indicated as “direction 17,
“direction 27, “direction 37, and “direction 4” 1n FIG. 16C
and FIG. 16D. Therefore, for example, when a light beam 1s
incident 1n a direction perpendicular to the surface of the
substrate 101, the plate member 104 reflects the incident light
beam 1n the four directions. On the contrary, when four light
beams are incident respectively in the four directions, the
plate member 104 reflects the incident light beams 1n the
direction perpendicular to the surface of the substrate 101.

FIG. 17 1s a table illustrating a relationship between the
combination of the voltages applied on the electrodes 1054,
10556,105¢, and 1054 and the inclination direction of the plate
member 104 1n the light deflection device in FIG. 16A
through FIG. 16D.

As shown 1n FIG. 17, two voltages, specifically, a voltage
of X volts and a voltage of 0V, are appropnately applied on
the four electrodes 105qa, 10554, 105¢, and 1054, and the
supporting member 103. Due to this combination of the
applied voltages, the plate member 104 1s able to retlect the
incident light beam 1n the four directions.

The light deflection device disclosed in reference 1 has the
following advantages.

Since the inclined angle of the plate member 104 1s deter-
mined by contact between the substrate 101, the supporting
member 103, and the plate member 104 (such as a mirror), 1t
1s easy to stably control the deflection angle of the mirror.

Since different voltages are applied on opposite electrodes
with the supporting member 103 as a center, the thin plate
member 104 can be rotated at high speed so that the response
speed of the light deflection device 1s high. Further, since the
plate member 104 does not have a fixed end, twisted defor-
mation or other deformation does not occur 1n the plate mem-
ber 104, and there 1s little long-term degradation of the plate
member 104; hence the plate member 104 can be driven at a
low voltage.

Since a tiny and lightweight plate member 104 can be
tabricated by semiconductor processes, there 1s little shock
caused by impact between the stopper of the regulation mem-
bers 102 and the plate member 104; thus there 1s little long-
term degradation of the plate member 104.

In addition, by appropriately determining the structure of
the regulation members 102, the plate member 104, and the
light reflecting area, 1t 1s possible to improve the ratio of the
reflected light 1n an ON condition and the reflected light on an
OFF condition, that 1s, an S/N ratio 1n a still image device, or
a contrast ratio 1n a video device.

Since semiconductor processes and semiconductor pro-
cess apparatuses can be used to fabricate the light deflection
device, 1t 1s possible to reduce the size of the device and
increase the degree of integration at low cost.

Further, since the electrodes 105q, 10554, 105¢, and 1054

are arranged with the supporting member 103 as a center, 1t 1s
possible to perform one-axis two-dimensional light deflec-
tion and two-axis three-dimensional light deflection.

As described above, the light detlection device disclosed 1n
reference 1 detlects the incident light by inclimng the plate
member 104, which does not have a fixed end, has many
advantages as described above, and 1s superior to other optical
switches, such as a diffraction grating optical switch.
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However, a plate member 104 without a fixed end sutters
from the following problems.

FIG. 18A through FIG. 18C are a schematic plan view and
schematic cross-sectional views 1llustrating components rel-
evant to contacting the plate member 104 1n the light deflec-
tion device disclosed 1n reference 1.

Specifically, FIG. 18A 1s a plan view 1llustrating the sup-
porting member 1031, the plate member 104, and the elec-
trodes 1054, 1055, 105¢, and 1054 of the light detlection
device.

FIG. 18B 1s a cross-sectional view of a portion F along a
GG' line 1 FIG. 18A.

FIG. 18C 1s a cross-sectional view of a portion F along an
IT' line 1n FIG. 18A.

In FIG. 18B and FIG. 18C, there 1s an 1nsulating film 106
for preventing electrical short circuit between the plate mem-
ber 104 and the electrodes 105a, 1055, 105¢, and 105d. For
example, the insulating film 106 1s formed of a silicon oxide
or a silicon nitride film. It should be noted that the insulating
film 106 1s omitted 1n FIG. 16 A through FIG. 16D.

As shown 1n FIG. 18B and FIG. 18C, when the plate
member 104 1s inclined, the plate member 104 contacts the
insulating film 106 at a line (line contact), which corresponds
to an edge of the plate member 104. Due to this, a sticking,
torce (indicated by open arrows in FIG. 18C) corresponding
to the surface energy of the mnsulating film 106 1n contact with
the contacting part of the plate member 104 occurs. This
sticking force impedes the inclination of the plate member
104, and when an electrostatic force 1s imposed additionally
to cancel out this sticking force, the driving voltage ends up
being increased.

In other words, 1n the light deflection device disclosed in
reference 1, the plate member 104 contacts the substrate 101
(specifically, the msulating film 106 of the substrate 101) at a
line (line contact), which corresponds to an edge of the plate
member 104, and this causes an increased driving voltage.
The sticking force can be ascribed to a water bridge force, a
molecular force, or electrification. In addition, 1n reference 1,
the contact line between the plate member 104 and the sub-
strate 101 extends nearly the whole length of the plate mem-
ber 104, and due to this, as described above, contact between
the plate member 104 and the substrate 101 causes arelatively
large sticking force, and this results in an increase of the
driving voltage.

In order to prevent the increase of the driving voltage, for
example, one can attempt to change the shape of the contact-
ing part and reduce the size of the contacting part between the
plate member 104 and the substrate 101. For example, the
contacting part can be formed to have a projecting shape, and
such a projecting shape can be fabricated by common semi-
conductor fabrication techniques, such as lithography and
ctching. In this case, a processing limit of a pattern, namely,
the limiting dimension of a pattern under semiconductor pro-
cessing, determines the minimum size of the projecting con-
tacting part, and this processing limit 1s 1n turn determined by
the lithography techmque. The processing limit of the lithog-
raphy technique depends on resolving power or resolution of
a resist serving as a mask, whether unevenness exists 1n the
device, and performance of a lithography apparatus, such as a
stepper. Currently, the prevailing semiconductor processing
technique 1s the sub-micron or half micron processing tech-
nique, and with this technique the processing limit of the
projecting shape 1s about 0.5 to 1.0 um 1n line width. This
processing limit of processing the projecting contacting part
shape depends on the lithography technique; hence, with
ex1isting techniques, the reduction of the size of the projecting
contacting part 1s limited.
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When using the light detlection device disclosed 1n refer-
ence 1 as an actuator, 1t 1s expected that the plate member,
which 1s an operating part of the device, will be inclined while
not being fixed. Here, a crucial technical problem 1s how to
reduce the size of the contacting part to a level below the
processing limit of the semiconductor processing technique.

Specifically, usually, a light deflection device 1s applied to
an 1mage projecting display device. Inrecent years, the image
projecting display device has been widely applied to rear
projection television sets or digital theaters, and it 1s required
to Turther improve the contrast ratio of the 1image projecting
display device. In this case, 1t 1s required to improve the ratio
of reflected light 1n an ON condition and reflected light on an
OFF condition. For example, 1n a DMD produced by Texas
Instrument Co. or a mirror type optical switch like the light
deflection device disclosed 1n reference 1, 1t 1s necessary to
increase the light deflection angle. In other words, 1t 1s nec-
essary to increase the inclined angle of the plate member
(such as a mirror). Due to this, 1t 1s necessary to increase the
distance between the plate member and the electrodes facing
the plate member. Because the electrostatic attracting force 1s
inversely proportional to the square of the distance between
the electrodes, where the electrostatic attracting force occurs,
it means the electrostatic attracting force acting on the plate
member 1s reduced in order to improve the contrast ratio.
When the sticking force induced in the contacting area of the
projecting contacting part, which 1s fabricated at the process-
ing limit, 1s predominant over the reduced electrostatic
attracting force, the plate member 1s fixed but cannot be
inclined. Thus, the driving voltage has to be increased to solve
this problem.

SUMMARY OF THE INVENTION

The present invention may solve one or more problems of
the related art.

A preferred embodiment of the present invention may pro-
vide an actuator including a contacting part having a size
smaller than a processing limit of a lithography technique,
and able to reduce a contacting area or a contacting length of
the contacting part when an operating part 1s 1n operation,
reduce a sticking force induced by contact, and decrease a
driving voltage of the actuator, a method of producing the
actuator, an optical system using the actuator, and an 1image
forming device.

According to a first aspect of the present invention, there 1s
provided an actuator, comprising:

an operating part; and

a contacting part that 1s in contact with the operating part,
said contacting part being formed by overlapping a {irst pat-
tern on an end of a second pattern, said first pattern having a
solid structure, a size of an upper portion of the solid structure
of the first pattern on the second pattern being less than a
processing resolving power or resolution.

As an embodiment, the contacting part 1s formed by over-
lapping two or more layers, and

the contacting part corresponds to an overlapping portion
of an end of a pattern of one of the two or more layers and an
end of a pattern of another one of the two or more layers.

According to the embodiment of the present invention,
since the actuator has a contacting part with a size less than a
resolving power or resolution of a fabrication process or a
fabrication device, it 1s possible to prevent the operation part
from being fixed, and 1t 1s possible to drive the actuator at a
low voltage.

As an embodiment, the actuator further comprises:

a substrate;
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a plurality of regulation members that are arranged at cor-
ners of the substrate, respectively, each of said regulation
members having a stopper at a top thereof;

a supporting member that has a top part, and 1s arranged on
the surface of the substrate;

a plate member that acts as the operating part, and does not
have a fixed end, said plate member including a light reflect-
ing area, a conductive layer formed of a member having a
conductive portion, said plate member being movably
arranged 1n a space among the substrate, the supporting mem-
ber, and the stoppers of the regulation members; and

a plurality of electrodes that are arranged on the substrate,
and are nearly opposite to the conductive layer of the plate
member,

wherein

the plate member 1s inclined by an electrostatic attractive
force with the supporting member as a center to detlect light
incident onto the light reflecting area.

According to the embodiment of the present invention, the
deflection angle of the mirror, that 1s, the plate member, can be
controlled easily and stably, and the response speed 1s high; 1n
addition, there 1s little long-term degradation, and 1t 1s pos-
sible to 1mprove the ratio of the reflected light 1n an ON
condition and the reflected light 1n an OFF condition, that 1s,
an S/N ratio 1n a still image device, or a contrast ratio 1n a
video device. Further, 1t 1s possible to reduce the size of the
actuator and increase the degree of integration at low cost, and
it 1s possible to perform one-axis two-dimensional light
deflection and two-axis three-dimensional light deflection.
Furthermore, it 1s possible to prevent the mirror from being
fixed, and 1t 1s possible to drive the actuator at a low voltage.

As an embodiment, at least one of the two or more layers of
the contacting part corresponds to a layer forming the elec-
trodes.

According to the embodiment of the present mvention,
since one or more layers ol the contacting part are also used as
the layer for forming the electrodes, fabrication cost can be
lowered.

As an embodiment, the supporting member 1s formed by
overlapping two or more layers, and

a contacting part of the supporting member corresponds to
an overlapping portion of patterns of the two or more layers.

According to the embodiment of the present mvention,
since a small supporting part can be formed, the contacting
area can be reduced greatly; thus the sticking force induced by
contact can be reduced sufliciently, and a driving voltage of
the actuator can be decreased.

As an embodiment, each of the patterns of the two or more
layers 1s a rectangle,

the contacting part of the supporting member corresponds
to a portion where a long-side of one of the two or more layers
intersects with a long-side of other one of the two or more
layers.

According to the embodiment of the present imvention,
since the resolving power or resolution of a short-side of a
rectangular pattern 1s higher than a square pattern, with rect-
angular patterns intersecting each other, 1t 1s possible to form
a small contacting part of the supporting member; thus the
contacting area can be reduced greatly, the sticking force
induced by contact can be reduced suificiently, and a driving
voltage of the actuator can be decreased.

According to a second aspect ol the present invention, there
1s provided a method of fabricating an actuator including a
contacting part in contact with an operating part, comprising
the step of:

forming the contacting part by overlapping a solid structure
of a first pattern on an end of a second pattern with a size of an
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upper portion of the solid structure less than a processing
resolving power or resolution.

As an embodiment, the contacting part 1s formed by over-
lapping two or more layers, and

the contacting part corresponds to an overlapping portion
of an end of a pattern of one of the two or more layers and an
end of a pattern of another one of the two or more layers.

According to the embodiment of the present 1ivention,
since a small contacting part can be formed, a contacting area
can be reduced greatly, thus, the sticking force induced by
contact can be reduced sulliciently, and a driving voltage of
the actuator can be decreased.

According to a third aspect of the present invention, there 1s
provided an actuator array, comprising;:

a plurality of actuators arranged 1n one dimension or two
dimensions,

wherein

cach of actuators includes:

an operating part; and

a contacting part that 1s in contact with the operating part,
said contacting part being formed by overlapping a first
pattern on an end of a second pattern, said first pattern
having a solid structure, a size of an upper portion of the
solid structure of the first pattern on the second pattern
being less than a processing resolving power or resolu-
tion.

According to the embodiment of the present invention, 1t 1s
possible to prevent the operation part from being fixed, and 1t
1s possible to drive the actuator at a low voltage.

As an embodiment, the contacting part 1s formed by over-
lapping two or more layers, and

the contacting part corresponds to an overlapping portion
of an end of a pattern of one of the two or more layers and an
end of a pattern of another one of the two or more layers.

As an embodiment, the actuator further comprises:

a substrate;

a plurality of regulation members that are arranged at cor-
ners of the substrate, respectively, each of said regula-
tion members having a stopper at a top thereof;

a supporting member that has a top part, and 1s arranged on
the surface of the substrate;

a plate member that acts as the operating part, and does not
have a fixed end, said plate member including a light
reflecting area, a conductive layer formed of a member
having a conductive portion, said plate member being
movably arranged 1n a space among the substrate, the
supporting member, and the stoppers of the regulation
members; and

a plurality of electrodes that are arranged on the substrate,
and are nearly opposite to the conductive layer of the
plate member,

wherein

the plate member 1s inclined by an electrostatic attractive
force with the supporting member as a center to deflect
light incident onto the light reflecting area.

As an embodiment, at least one of the two or more layers of
the contacting part corresponds to a layer forming the elec-
trodes.

According to a fourth aspect of the present invention, there
1s provided an optical system, comprising:

an actuator array that includes a plurality of actuators
arranged 1n one dimension or two dimensions;

a light source that emaits light onto the actuator array; and

a projecting lens that projects light reflected from the
actuator array according to image data,

wherein

cach of the actuators includes:
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an operating part; and
a contacting part that 1s 1n contact with the operating part,
said contacting part being formed by overlapping a first
pattern on an end of a second pattern, said first pattern
having a solid structure, a size of an upper portion of the
solid structure of the first pattern on the second pattern

being less than a processing resolving power or resolu-
tion.

According to the embodiment of the present mvention,
since each actuator corresponding to one pixel can be driven
at a low voltage, a small, highly-integrated, and low driving
voltage memory circuit can be used as a semiconductor
memory circuit 1in the actuator for storing image data, hence,
it 1s possible to make the actuator array small and highly-
integrated, and there realizing a small optical system.

According to a fifth aspect of the present invention, there 1s
provided an 1mage forming device, comprising:

a light writing unmit that includes an optical system, said
optical system 1ncluding an actuator array having a plurality
of actuators arranged 1n one dimension or two dimensions, a
light source for emitting light onto the actuator array, and a

projecting lens for projecting light reflected from the actuator
array according to image data,

wherein

cach of the actuators includes:

an operating part; and

a contacting part that 1s 1n contact with the operating part,
said contacting part being formed by overlapping a first
pattern on an end of a second pattern, said first pattern
having a solid structure, a size of an upper portion of the
solid structure of the first pattern on the second pattern

being less than a processing resolving power or resolu-
tion.

According to the embodiment of the present mvention,
since an mexpensive and high-definition light writing unit 1s
used, 1t 1s possible to obtain an mexpensive and high-defini-
tion 1mage forming device.

According to a sixth aspect of the present invention, there
1s provided an 1mage projecting device, comprising:

a display unit that includes an optical system, said optical
system including an actuator array having a plurality of actua-
tors arranged 1n one dimension or two dimensions, a light
source for emitting light onto the actuator array, and a pro-
jecting lens for projecting light reflected from the actuator
array according to image data,

wherein

cach of the actuators includes:

an operating part; and

a contacting part that 1s 1n contact with the operating part,
said contacting part being formed by overlapping a first
pattern on an end of a second pattern, said first pattern

having a solid structure, a size of an upper portion of the

solid structure of the first pattern on the second pattern
being less than a processing resolving power or resolu-
tion.

According to the embodiment of the present mvention,
since an mexpensive and high-definition display unit 1s used,
it 1s possible to obtain an inexpensive and high-definition
image projection device.

These and other objects, features, and advantages of the
present invention will become more apparent from the fol-
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lowing detailed description of preferred embodiments given
with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A through FIG. 1C are a plan view and cross-sec-
tional views schematically 1llustrating a structure of an actua-

tor 500 according to the present embodiment of the present
invention;

FIG. 2A through FIG. 2D are a plan view and cross-sec-
tional views 1llustrating a structure of a light deflection device
according to the second embodiment of the present invention;

FIG. 3A and FIG. 3B are a plan view and a cross-sectional
view schematically illustrating a principal portion of a light
deflection device according to a third embodiment of the
present invention;

FIG. 4A and FIG. 4B are a plan view and a cross-sectional
view schematically illustrating a principal portion of a light
deflection device according to a fourth embodiment of the
present invention;

FIG. SA and FIG. 5B are a plan view and a cross-sectional
view schematically illustrating a principal portion of a light
deflection device according to a fifth embodiment of the
present invention;

FIG. 6 A through FIG. 61 are cross-sectional views exem-
plifying a method of producing the light detlection device
(actuator) as shown 1n FIG. 2A through FIG. 2D which has
the fine contacting part 601;

FIG. 7 1s an enlarged cross-sectional view illustrating a
portion of the light deflection device according to the second
embodiment of the present invention;

FIG. 8A 1s a plan view illustrating an example of a one-
dimensional light deflection device array according to a sixth
embodiment;

FIG. 8B 1s a plan view 1llustrating an example of a two-
dimensional light deflection device array according to a sev-
enth embodiment;

FIG. 9 1s a perspective view 1illustrating an optical system
1100 according to an eighth embodiment which includes the
light deflection device array as described in previous embodi-
ments;

FIG. 10 1s a perspective view illustrating an optical system
1200 according to a ninth embodiment;

FIG. 11 1s a perspective view illustrating an optical system
1300 according to a 10th embodiment of the present inven-
tion;

FIG. 12 15 a perspective view schematically 1llustrating an
image forming device according to an 11th embodiment of
the present invention which includes a light writing unit 1500,

FIG. 13 1s a schematic view 1llustrating a configuration of
an 1mage forming device 1400 according to a 12th embodi-
ment of the present invention;

FIG. 14 1s a schematic view 1llustrating a configuration of
an 1mage projecting device 1501 according to a 13th embodi-
ment of the present invention;

FIG. 15 1s a schematic view 1llustrating a configuration of
an 1mage projecting device 1601 according to a 14th embodi-
ment of the present invention;

FIG. 16 A through FIG. 16D are a plan view and cross-
sectional views illustrating a structure of a light deflection
device 1n the related art;

FIG. 17 1s a table illustrating a relationship between the
combination of the voltages applied on the electrodes 1054,
10556,105¢, and 1054 and the inclination direction of the plate
member 104 1n the light deflection device in FIG. 16A
through FIG. 16D;
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FIG. 18A through FIG. 18C are a schematic plan view and
schematic cross-sectional views illustrating a portion of the
light deflection device 1n the related art for explaining con-
tacting of the plate member 104;

FIG. 19A through FIG. 19D are a plan view and cross-
sectional views 1llustrating a structure of a light deflection
device according to a 15th embodiment of the present mnven-
tion;

FIG. 20A through FIG. 20C are a plan view and cross-
sectional views 1llustrating the supporting member 103 of the
15th embodiment;

FIG. 21A through FIG. 21C are a plan view and cross-
sectional views illustrating another example of the supporting
member 103 of the 15th embodiment; and

FIG. 22A through FIG. 221 are cross-sectional views
exemplifying a method of producing the light deflection
device (actuator) as shown i FIG. 19A through FIG. 19D
which has the fine contacting part 601 and the fine contacting,
part of the supporting member 103.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Below, preferred embodiments of the present invention are
explained with reference to the accompanying drawings.

First Embodiment

In the first embodiment, an actuator i1s disclosed that
includes an operating part, and a contacting part contacting
the operating part. The contacting part 1s formed by overlap-
ping two or more constituent layers, and the contacting part
corresponds to an overlapping portion of an end of a pattern of
one of the constituent layers and an end of a pattern of another
one of the constituent layers. The contacting part 1s formed by
overlapping a pattern having a solid structure on an end of
another pattern. The upper portion of the solid structure of the
pattern on the other pattern 1s smaller than a processing
resolving power or resolution of a lithography technique.

FIG. 1A through FIG. 1C are a plan view and cross-sec-
tional views schematically 1llustrating a structure of an actua-
tor 500 according to the present embodiment of the present
invention.

Specifically, FIG. 1A 1s a plan view of the actuator 500,
FIG. 1B 1s a cross-sectional view along an AA' line in FIG.
1A, and FIG. 1C 1s an enlarged cross-sectional view of a

portion B in FIG. 1B.

Note that the actuator 500 in FIG. 1A through FIG. 1C 1s
merely 1llustrated schematically, and the dimensional rela-
tionship of components of the actuator 300 illustrated 1n FIG.
1A through FIG. 1C 1s not the actual one. In addition, 1n FIG.
1A through FIG. 1C, only components relevant to the present
invention are illustrated, and illustrations of other compo-
nents are omitted.

As shown 1n FIG. 1A through FIG. 1C, the actuator 500
includes a substrate 501, constituent layers 502, 503, which
are stacked together and form a contacting part 506 of the
actuator 500, and a plate member 504, which serves as an
operation part of the actuator 500.

As indicated by an open arrow 1n FIG. 1B, the plate mem-
ber 504 of the actuator 500 1s driven by a driving force to
move up and down, and contacts the contacting part 506
formed on the substrate 501.

As shown 1n FI1G. 1C, the contacting part 506 1s formed by
an overlapping part 505 of an end 502a of the constituent
layer 502 and an end 503¢q of the constituent layer 503, that s,
the overlapping part 503 has a solid structure. The constituent
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layer 502 and the constituent layer 503 can be patterned by
semiconductor processing techniques, specifically, by step-
per lithography and dry etching techniques, respectively.
Here, the constituent layer 503 1s patterned at a limiting
resolving power or resolution of a semiconductor processing
device, and at a limiting resolving power or resolution of a
resist which 1s used as a mask for patterning.

For example, the constituent layer 503 is patterned to have
a width of 0.8 um by using a positive resist THMR produced
by Tokyo Ohka Kogyo Co. LTD., and a g-line stepper. The
overlapping part 505 has a width of 0.3 um. Therefore, as
shown 1n FIG. 1A, 1n the present embodiment, there are four
contacting parts 506, and each of the contacting parts 506 has
an area of 0.09 um~.

In the related art, since the contacting parts 506 are pat-
terned at the processing limit 01 0.8 um, each of the contacting
parts 506 has an area of 0.64 um?. That is, the contacting area
of the present embodiment 1s reduced to %64 of that of the
related art.

In the present embodiment, fluctuations of the sizes of the
patterned contacting parts 506 are less than 0.1 um 1n case of
the dry etching technique, and fluctuations of overlapping are
about 0.1 um 1n case of the common stepper lithography
technique. Due to this, even when the fluctuations are con-
sidered, the contacting area can be reduced greatly 1n the
present embodiment.

In the present embodiment, when the contacting parts 506
are arranged at four corners of the actuator, the overlapping
fluctuations cancel out when summing the contacting areas of
the four contacting parts 506, and the influence of the over-
lapping fluctuations 1s small.

It 1s described above that the constituent layer 503 1s pat-
terned at the limiting resolving power or resolution, but it 1s
clear from the gist of the present embodiment that patterning
at the limiting resolving power or resolution 1t not required 1n
the present embodiment. In this case, inexpensive exposure
devices having relatively low resolving power or resolution
can be used for stepper lithography, and the fabrication cost
can be reduced.

Second Embodiment

In the second embodiment, 1n addition to the structure
disclosed 1n the first embodiment, the actuator further
includes a substrate; plural regulation members arranged at
corners of the substrate, respectively, with each of the regu-
lation members having a stopper at the top; a supporting
member having a top part and arranged on the surface of the
substrate; and a plate member acting as the operating part of
the actuator, which does not have a fixed end. The plate
member includes a light reflecting area and a conductive layer
formed of a member having a conductive portion, and 1s
movably arranged 1n a space among the substrate, the sup-
porting member, and the stoppers of the regulation members.
The actuator further includes plural electrodes arranged on
the substrate to be nearly opposite to the conductive layer of
the plate member. The plate member 1s 1nclined by an elec-
trostatic attractive force with the supporting member as a
center, and thus to deflect light incident onto the light reflect-
Ing area.

Further, 1in the actuator, at least one of the constituent layers
of the contacting part also serves as a layer constituting the
electrodes.

FIG. 2A through FIG. 2D are a plan view and cross-sec-
tional views 1llustrating a structure of a light deflection device
according to the second embodiment of the present invention.
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Specifically, FIG. 2A 1s a plan view of the light deflection
device, FIG. 2B 1s a cross-sectional view along an AA' line 1n
FIG. 2A, FIG. 2C 15 a cross-sectional view along a BB' line 1n
FIG. 2A, and FIG. 2D 1s a cross-sectional view along a C('
line 1n FIG. 2A.

Note that the light deflection device shown 1n FIG. 2A
through FIG. 2D corresponds to one actuator of a two dimen-
sional light deflecting array including plural actuators.

Further, 1n the light deflection device shown in FIG. 2A
through FIG. 2D, a contacting voltage 1s applied on the plate
member (for example, a mirror), and the light deflection
device 1s able to detflect the incident light along two axes 1n
four directions.

In addition, 1n the present and the subsequent embodi-
ments, the same reference numbers are assigned to the same
component elements as described previously, and overlap-
ping descriptions are omitted appropriately.

As shown 1n FIG. 2A through FIG. 2D, the light deflection

device includes a substrate 101, plural regulation members
102, a supporting member 103, a plate member 104, and

plural electrodes 105a, 1055, 105¢, and 1054.

The regulation members 102 are arranged at corners of the
substrate 101, respectively, and each of the regulation mem-
bers 102 has a stopper at its top.

The supporting member 103, which 1s arranged on the
surface of the substrate 101, has a top part formed of a con-
ductive material.

The plate member 104 does not have a fixed end, namely,
the plate member 104 1s not fixed, and on the upper portion of
the plate member 104, there are a light reflecting area and a
conductive layer formed of a member with at least a conduc-
tive part. At the bottom of the plate member 104, at least a
contacting part, which 1s 1n contact with the top of the sup-
porting member 103, 1s formed of a conductive member. The
plate member 104 1s movably arranged 1n the space sur-
rounded by the substrate 101, the supporting member 103,
and the stoppers of the regulation members 102. A voltage on
the plate member 104 1s supplied through contact with the
supporting member 103.

The electrodes 105a, 1055, 105¢, and 1054 are arranged on

the substrate 101, and are substantially opposite to the con-
ductive layer of the plate member 104.

In the present embodiment, a contacting part 601 1s formed
by overlapping an insulating {ilm 106 on ends of patterns of
the electrodes 105a, 1055, 105¢, and 1054, and the contacting
part 601 1s smaller than the processing limit of the lithography
technique, as described 1n the first embodiment.

In the light deflection device of the present embodiment,
because of a combination of voltages applied on the elec-
trodes 105a, 1055, 105¢, 1054, and the supporting member
103, as shown 1n FI1G. 2C and FIG. 2D, the plate member 104
1s inclined 1n four directions. The four directions are indicated
as “direction 1, “direction 2”°, “direction 3, and “direction
4” 1n FIG. 2C and FIG. 2D. Therefore, for example, when a
light beam 1s mcident 1 a direction perpendicular to the
surface of the substrate 101, the plate member 104 retlects the
incident light beam in the four directions. On the contrary,
when at most four light beams are incident respectively in the
four directions, the plate member 104 reflects the incident
light beams 1n the direction perpendicular to the surface of the
substrate 101.

According to the present embodiment, since the inclined
angle of the plate member 104 i1s determined by contact
between the substrate 101, the supporting member 103, and
the plate member 104 (such as a mirror), it 1s easy to stably
control the deflection angle of the mirror.
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Since different voltages are applied on opposite electrodes
with the supporting member 103 as a center, the thin plate
member 104 can be rotated at high speed, and the response
speed of the light deflection device 1s high. Further, since the
plate member 104 does not have a fixed end, twisted defor-
mation or other deformation does not occur 1n the plate mem-
ber 104, and there 1s little long-term degradation of the plate
member 104; hence the plate member 104 can be driven at a
low voltage.

Since a tiny and lightweight plate member 104 can be
tabricated by semiconductor processes, there 1s little shock
caused by impact between the stopper of the regulation mem-
bers 102 and the plate member 104; thus there 1s little long-
term degradation of the plate member 104.

In addition, by appropriately determining the structure of
the regulation members 102, the plate member 104, and the
light reflecting area, 1t 1s possible to improve the ratio of the
reflected light on an ON condition and the reflected light on an
OFF condition, that 1s, an S/N ratio 1n a still image device, or
a contrast ratio 1 a video device.

Since semiconductor processes and semiconductor pro-
cess apparatuses can be used to fabricate the light deflection
device, 1t 1s possible to reduce the size of the device and
increase the degree of integration at low cost.

Further, since the electrodes 1054, 1055, 105¢, and 1054
are arranged with the supporting member 103 as a center, 1t 1s
possible to perform one-axis two-dimensional light deflec-
tion and two-axis three-dimensional light deflection.

Furthermore, since the contacting part 601 1s smaller than
the processing limit of the lithography technique, even when
the light deflection device of the present embodiment 1s made
very small, 1t 1s possible to prevent the plate member (for
example, a mirror) from being fixed, and 1t 1s possible to drive
the actuator at a low voltage.

FIG. 6 A through FIG. 61 are cross-sectional views exem-
pliftying a method of producing the light deflection device
(actuator) as shown in FIG. 2A through FIG. 2D which has

the fine contacting part 601.

Specifically, FIG. 6 A through FIG. 61 are cross-sectional
views along an AA' line 1n FIG. 2A.

In the step shown in FIG. 6 A, an aluminum-based alloy
film for forming the supporting member 103 1s deposited on
the substrate 101 by magnetron sputtering, then a resist pat-
tern 1s formed by stepper lithography and the supporting
member 103 1s then patterned by dry etching.

Here, for example, the substrate 101 1s a silicon substrate,
and a silicon oxide film (not 1llustrated) 1s formed to cover the
entire surface of the substrate 101.

In the step shown 1n FIG. 6B, the electrodes 1034, 1055,
105¢, and 1054 are formed from a titanium nitride (TiN) thin
film. Specifically, the TiN thin film 1s formed by reactive
sputtering by using a titanium target, and the electrodes 1034,
10556, 105¢, and 1054 are patterned by stepper lithography
and dry etching. These electrodes 105a, 1055, 105¢, and 1054
also serve as one of the layers constituting the fine contacting
part 601 of the present embodiment.

In the step shown 1n FIG. 6C, a silicon oxide film 1s formed
by plasma CVD, which serves as the insulating film 106, that
1s, as one constituent layer of the fine contacting part 601 of
the present embodiment. Then, the insulating film 106 1s
patterned by stepper lithography and dry etching.

In this step, the end of the pattern of the mnsulating film 106
1s superposed on the ends of the patterns of the electrodes
105a, 1055, 105¢, and 1034, and the resulting overlapping
part constitutes the fine contacting part 601 of the present
embodiment.
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In the step shown in FIG. 6D, a flat organic film of heat-
resistance 1s formed by spin-coating, and after that, the
organic {1lm 1s hardened by heat treatment. This organic film
1s referred to as a first sacrifice film 801. It should be noted
that a poly-crystal silicon film may be used as the first sacri-
fice film 801 instead of the above organic film.

In the step shown 1n FIG. 6E, an aluminum-based alloy film
used for the plate member 104 1s deposited by DC magnetron
sputtering and 1s then patterned. The plate member 104 1s
formed from a stacked structure of a layer of high light-
reflectivity and a layer of high elasticity and rigidity, and also
has functions of a conductive layer.

In the step shown in FIG. 6F, another flat organic film of
heat-resistance 1s formed by spin-coating again, and after
that, the organic film 1s hardened by heat treatment. This
organic {ilm 1s referred to as a second sacrifice film 802. It
should be noted that a poly-crystal silicon film may be used as
the second sacrifice film 802 instead of the organic film.

In the step shown 1n FIG. 6G, the substrate including the
structure formed so far 1s divided into plural separate light
deflection devices. In order to form the stoppers of the regu-
lation members 102, openings serving as slits or holes are
formed and are patterned 1n the first sacrifice film 801 and the
second sacrifice film 802 simultaneously by stepper lithogra-
phy and dry etching.

In the step shown 1n FI1G. 6H, a silicon oxide film 1s formed
by plasma CVD, which serves as the regulation members 102
having stoppers. Then, the silicon oxide film 1s patterned by
stepper lithography and dry etching. It should be noted that
the regulation members 102 having stoppers may be arranged
not only as shown 1n FIG. 6H, but also be arranged at any
positions as long as the regulation members 102 are able to
confine the plate member 104 1nto a specified space.

In the step shown 1n FIG. 61, the residual first sacrifice film
801 and the residual second sacrifice film 802 are removed by
plasma etching through the openings, and thereby, the plate
member 104 1s located 1n a space which limits the movable
range of the plate member 104. In this way, the light deflec-
tion device (actuator) as shown 1n FIG. 2A through FIG. 2D 1s
tabricated.

When etching the sacrifice films, depending on types of the
sacrifice films, not only dry etching but also wet etching can
be used. In addition, since etching of the sacrifice films pro-
ceeds 1n the surface direction of the substrate, the plate mem-
ber 104 1s exposed 1n the etching environment when etching,
the sacrifice films. For this reason, 1t 1s important that appro-
priate materials resistant against etching be selected for the
plate member 104.

It should be noted that 1n the method illustrated 1n FI1G. 6 A
through FIG. 61, a voltage supplying line for supplying a
voltage to the electrodes 105a, 10556, 105¢, and 1054, and the
supporting member 103 1s omutted.

FIG. 7 1s an enlarged cross-sectional view 1llustrating a
portion of the light deflection device according to the second
embodiment of the present invention.

Specifically, FIG. 7 1s a cross-sectional view along an AA'
line 1n FIG. 2A, and shows a semiconductor memory circuit,
a voltage supplying line, and a portion of the actuator of the
present embodiment.

As shown in FIG. 7, a semiconductor memory circuit and a
voltage supplying line are provided below the actuator, and
the semiconductor memory circuit and the voltage supplying
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line supply approprate voltages to the electrodes 1035a, 1055,
105¢, and 1054, and the supporting member 103.

Third Embodiment

FIG. 3A and FIG. 3B are a plan view and a cross-sectional
view schematically 1llustrating a principal portion of a light
deflection device according to a third embodiment of the
present invention.

Specifically, FIG. 3A 1s a plan view of the principal portion
of the light detlection device according to the present embodi-
ment, and FIG. 3B 1s a cross-sectional view along an AA' line
in FIG. 3A.

In FIG. 3A and F1G. 3B, only those components relevant to
contact between the plate member 104 and the insulating film
106 are illustrated 1n order to clarily features of the present
embodiment. Specifically, FIG. 3 A illustrates the supporting
member 103, the electrodes 105a, 1055, 105¢, and 1054, and
the msulating film 106. In addition, a contacting part 601 1s
illustrated which corresponds to an overlapping part of the
end of the pattern of the insulating {ilm 106 and the ends of the
patterns of the electrodes 105a, 10556, 105¢, and 1054.

In FIG. 3B, in addition to the supporting member 103, the
clectrodes 105q, 1055, 105¢, and 1054, and the insulating
film 106, it 1s 1llustrated that a plate member 104 (for
example, a mirror) 1s inclined to contact the contacting part
601.

In a light deflection device including the contacting part
601 shown 1n FIG. 3A and FIG. 3B, corners of the electrodes
105a, 1055, 105¢, and 1054 are processed, therefore, even
though the area of the electrodes opposite to the plate member
104 decreases slightly, a contacting length of the contacting
part 601 1s reduced compared to the second embodiment, and
it 1s possible to further prevent the plate member 104 from
being fixed.

Fourth Embodiment

FIG. 4A and F1G. 4B are a plan view and a cross-sectional
view schematically illustrating a principal portion of a light
deflection device according to a fourth embodiment of the
present 1nvention.

Specifically, F1IG. 4 A 1s a plan view of the principal portion
of the light deflection device according to the present embodi-
ment, and FIG. 4B 1s a cross-sectional view along an AA' line
in FIG. 4A.

In FIG. 4A and FIG. 4B, only those components relevant to
contact between the plate member 104 and the insulating film
106 are 1llustrated. Specifically, FIG. 4A illustrates the sup-
porting member 103, the electrodes 105a, 1055, 105¢, and
1054, and the mnsulating film 106. In addition, a contacting
part 601 1s 1llustrated which corresponds to an overlapping
portion of the end of the pattern of the insulating film 106 and
the ends of the patterns of the electrodes 105a, 1055, 105c¢,
and 105d.

In FIG. 4B, 1n addition to the supporting member 103, the
clectrodes 105q, 1055, 105¢, and 1054, and the insulating
film 106, it 1s 1llustrated that a plate member 104 (for
example, a mirror) 1s inclined to contact the contacting part
601.

In a light deflection device including the contacting part
601 as shown 1n FIG. 4A and FIG. 4B, corners of the elec-
trodes 105a, 1055, 105¢, and 1054 are processed as shown 1n
FIG. 4A, and the insulating {ilm 106 1s processed as shown 1n
FIG. 4B; therefore, the insulating film 106 exists on a better
part of the upper surtace of the electrodes 105a, 1055, 105c¢,
and 1054.
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Due to such a structure, similar to the third embodiment, a
contacting length of the contacting part 601 1s reduced com-
pared to the second embodiment, and fixing of the plate
member 104 1s preventable. Furthermore, since the insulating
film 106 exists on a greater part of the upper surface of the
clectrodes 105a, 1055, 105¢, and 1054, compared to the case
of an air gap, that 1s, the insulating film 106 1s not formed on
the electrodes 105a, 1055, 105¢, and 105d, the electrostatic
capacitance between the plate member 104 and the electrodes
1054, 1055, 105¢, and 1054 increases, and the electrostatic
attracting force can be increased. These further prevent the
plate member 104 from being fixed.

Fitth Embodiment

FIG. 5A and FIG. 5B are a plan view and a cross-sectional
view schematically illustrating a principal portion of a light
deflection device according to a fifth embodiment of the
present invention.

Specifically, FIG. 5A 1s a plan view of the principal portion
of the light deflection device, and FIG. 5B 1s a cross-sectional
view along an AA' line 1n FIG. SA.

Similar to FIG. 3A, FIG. 3B, FIG. 4A, and FIG. 4B, in FIG.
5A and FIG. 5B, only components relevant to contact
between the plate member 104 and the isulating film 106 are
illustrated; specifically, FIG. SA illustrates the supporting
member 103, the electrodes 105a, 1055, 105¢, and 1054, and
the insulating film 106. In addition, a contacting part 601 1s
illustrated which corresponds to an overlapping part of the

end of the pattern of the insulating {ilm 106 and the ends of the
patterns of the electrodes 105a, 10556, 105¢, and 1054,

In FIG. 5B, 1n addition to the supporting member 103, the
clectrodes 105a, 1055, 105¢, and 1054, and the insulating
film 106, it 1s 1llustrated that a plate member 104 (for

example, a mirror) 1s inclined to contact the contacting part
601.

In a light deflection device including the contacting part
601 shown 1n FIG. 5SA and FIG. 5B, corners of the electrodes
105a, 1055, 105¢, and 105d are processed; therefore, even
though the area of the electrodes opposite to the plate member
104 decreases slightly, a contacting length of the contacting
part 601 1s reduced compared to the second embodiment, and
it 1s possible to further prevent the plate member 104 from
being fixed.

Sixth Embodiment

In the sixth embodiment, a number of the actuators
described above are arranged 1n one dimension to constitute a
light deflection device array.

FIG. 8A 1s a plan view illustrating an example of a one-
dimensional light deflection device array according to the
sixth embodiment.

For example, the one-dimensional light deflection device

array 1n FI1G. 8A 1s formed of plural light detlection devices as
described in FI1G. 2A through FIG. 2D. Specifically, anumber

of the light deflection devices shown 1n FIG. 2A through FIG.
2D are arranged 1n a line 1n a direction perpendicular to light
deflection directions. Here, such a light deflection device
array 1s referred to as “one-axis two-dimension light detlec-
tion array’’, that 1s, the light deflection devices are arranged
along one axis, and the light deflection array detlects incident
light in two dimensions.

By arranging plural light deflection devices to be a one-
dimensional light deflection device array, 1t 1s possible to
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prevent the plate member 104 from being fixed, and it 1s
possible to drnive the light deflection device array at a low
voltage.

Seventh Embodiment

In the sixth embodiment, a number of the actuators
described above are arranged 1in two dimensions to constitute
a light detlection device array.

FIG. 8B 1s a plan view 1llustrating an example of a two-
dimensional light deflection device array according to the
seventh embodiment.

For example, the two-dimensional light deflection device
array 1n F1G. 8B 1s formed of plural light detlection devices as
described 1in FIG. 2A through FIG. 2D. Specifically, anumber
of the light deflection devices shown 1n FIG. 2 A through FIG.
2D are arranged 1n two dimensions, 1n other words, the light
deflection devices are arranged along two axes, and the light
deflection array detlects incident light in three dimensions.
Here, such a light deflection device array 1s referred to as
“two-axis three-dimension light deflection array”.

By arranging plural light deflection devices to be a two-
dimensional light deflection device array, 1t 1s possible to
prevent the plate member 104 from being fixed, and 1t 1s
possible to drive the light deflection device array at a low
voltage.

Eighth Embodiment

FIG. 9 1s a perspective view 1illustrating an optical system
1100 according to an eighth embodiment which includes the
light deflection device array as described in previous embodi-
ments.

The optical system 1100 as shown 1n FIG. 9 has the two-
dimensional light deflection device array (two-dimensional
actuator array) as shown 1n FIG. 8B. In addition, the optical
system 1100 in FIG. 9 includes light sources which emit light
onto the two-dimensional actuator array 1107, and a project-
ing lens 1109 which projects light reflected from the actuator
array 1107 according to input 1mage data.

Specifically, as shown 1n FIG. 9, the optical system 1100
includes a red light source 1101, a blue light source 1102, and
a green light source 1103, shaping lenses 1104, 1105, and
1106 for shaping light from the light source, the actuator array
1107, a control chip or a controller board 1108 for controlling,
light deflection directions of individual light deflectors of the
actuator array 1107, the projecting lens 1109, and a light
absorbing plate 1110.

The red light source 1101, the blue light source 1102, and
the green light source 1103 emait light of the three primary
colors, that 1s, red light L(R), blue light L.(B), and green light
L.(G), and the light of the three primary colors L(R), L(B), and
L(G) 1s directed onto the two-dimensional actuator array
1107. The optical system 1100 1s configured such that the
light of the three primary colors L(R), L(B), L(G) from the red
light source 1101, the blue light source 1102, and the green
light source 1103, respectively are directed onto the two-
dimensional actuator array 1107.

As described with reference to FIG. 8B, the actuator array
1107 15 able to deflect incident light along two axes in four
directions. The light of the three primary colors L(R), L(B),
L(G) from the red light source 1101, the blue light source
1102, and the green light source 1103, respectively, are
reflected by the actuator array 1107 1n a normal direction of
the array surface (that 1s, the direction perpendicular to the
array surface) according to input image data. The retlected
light 1s directed to the projecting lens 1109 for projection.
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As for timings of switching the light deflection directions
tor display of different colors, for example, reference can be
made to Japanese Laid-Open Patent Application No. 2004-
138881 (hereinafter referred to as “reference 27).

For example, the red light source 1101, the blue light
source 1102, or the green light source 1103 may be a LD light
source, or a LED light source, or an array light source.

The light of the three primary colors L(R), L(B), L(G)
passes through the shaping lenses 1104, 1105, and 1106,
respectively to improve luminance and directionality of the
light sources 1101, 1102, and 1103. For example, 1f an aper-
ture 1s provided, a rectangular shape light beam can be
obtained. The shaped red light L(R), blue light L(B), and
green light L(G) are incident on the actuator array 1107 1n
three different directions, respectively.

In the actuator array 1107, which 1s able to detlect incident
light along two axes in four directions, the four deflection
directions of each light deflector of the actuator array 1107 1s
assigned for displaying red color, green color, and blue color,
and black color (OFF condition). In response to mput image
data, namely, information of red color, green color, and blue
color, the red light L(R), the blue light LL(B), and the green
light L.(G) are reflected by the actuator array 1107 1n the
normal direction of the array surface (that 1s, the direction
perpendicular to the array surface), and the reflected light 1s
directed to the projecting lens 1109 for projection. In the OFF
condition, that 1s, black color, the light of the three primary
colors are not reflected 1n the direction perpendicular to the
array surface, and part of the incident light, for example, the
green light L(G) 1s reflected 1n a direction different from the
desired direction, and 1s absorbed by the light absorbing plate
1110. For example, the light absorbing plate 1110 can be
arranged for each of the red light L(R), the blue light L(B),

and the green light L(G).

In order for color displaying of each pixel, the assignment
of the four deflection directions should be determined for
cach light detlector of the actuator array 1107. This can be
performed by a control chip or a controller board 1108, which
1s connected to the actuator array 1107.

According to the present embodiment, the optical system
1100 of the present embodiment does not need a color wheel,
and 1mage projection can be performed by one actuator array;
hence, the optical system 1100 1s simple and can be made
small. Since LDs, LEDs, or a light source array 1s used as the
light source, heat generation 1s low, the size of the device 1s
small, and power consumption 1s low; further, cooling fans
for cooling the device are not needed.

In addition, since the two-dimensional light deflection
device array (two-dimensional actuator array) as shown 1n
FIG. 8B 1s used as the actuator array 1107, 1t 1s possible to
drive the actuators corresponding to respective pixels at a low
voltage. Due to this, a semiconductor memory circuit requir-
ing a driving voltage as low as 3.3 volts can be used for the
semiconductor memory circuit, which 1s provided i the
actuator for storing image data.

As described previously, the semiconductor memory Cir-
cuit 1s provided below the actuator. When the actuator
becomes small, the area occupied by the semiconductor
memory circuit becomes a problem. In other words, 11 only
the actuator becomes small, and the semiconductor memory
circuit remains large, the actuator array cannot become small.

In the present embodiment, since a low-voltage semicon-
ductor memory circuit can be used, the area occupied by the
semiconductor memory circuit becomes small, too. Specifi-
cally, using a SRAM as an example, which 1s a common
semiconductor memory circuit, one set of SRAMs each
driven by 5 V occupies an area of about 100 um?, but one set
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of SRAMs each driven by 3.3 V only occupies an area of
about 25 um?. Therefore, since a low-voltage semiconductor
memory circuit can be used, it 1s possible to reduce the size of
the actuator array and increase the degree of integration; since
an actuator array of high degree of integration can be used, 1t
1s possible to obtain an inexpensive and high-definition image
projection device.

Ninth Embodiment

FIG. 10 1s a perspective view illustrating an optical system
1200 according to a ninth embodiment.

The optical system 1200 as shown in FIG. 10 includes a
color wheel 1203 for displaying three primary colors 1n a
time-division manner. For example, reference 1 discloses an
image projection device for displaying three primary colors 1n
a time-division mannetr.

As shown 1 FIG. 10, the optical system 1200 includes a
white color light source 1201, such as a halogen lamp, or a
xenon lamp, a rod lens 1202 for shaping light from the light
source, the color wheel 1203 including color filters corre-
sponding to the three primary colors, an actuator array 1204,
a control chip 1205 for controlling light deflection directions
of individual light deflectors of the actuator array 1204, a
projecting lens 1207, and a light absorbing plate 1206.

In this embodiment, the optical system 1200 has the one-
dimensional light deflection device array (one-dimensional
actuator array) as shown in FIG. 8A but not the two-dimen-
sional light deflection device array (two-dimensional actuator
array) as shown in FIG. 8B. That 1s, the actuator array 1204 1n
the present embodiment can deflect incident light along one
axis 1n two directions, but cannot deflect incident light along
two axes 1n four directions. Specifically, the actuator array
1204 deflects incident light from one direction 1n an object
direction (referred to as an “ON direction”) and another direc-
tion (referred to as an “OFF direction™) according to input
image data.

The white light from the light source 1201 passes through
the rod lens 1202 for shaping, and the shaped light 1s incident
on the color wheel 1203. Passing through the color wheel
1203, the outgoing light presents red color, green color, and
blue color sequentially 1n a time-division manner. This light
beam 1s represented by “L” 1 FIG. 10. The light beam L 1s
irradiated onto the actuator array 1204,

Each light deflector of the actuator array 1204 performs
light deflection according to the input image data, namely, the
color information, and each light deflector retlects the 1nci-
dent light Lon 1n the object direction, such as a normal direc-
tion of the array surface (that is, the direction perpendicular to
the array surface), and the reflected light 1s directed to the
projecting lens 1207 for projection. The color information

projected sequentially in a time division manner 1s combined
in the eyes of a viewer by an alterimage phenomenon,
thereby, forming a full color image. The light reflected in the
OFF direction 1s absorbed by the light absorbing plate 1206.

Since the one-dimensional light deflection device array
(one-dimensional actuator array) as shown 1n FIG. 8 A 15 used
as the actuator array 1204, 1t 1s possible to drive the actuators
corresponding respective pixels at a low voltage. Due to this,
a low-voltage semiconductor memory circuit can be used as
the semiconductor memory circuit, thus, reducing the area
occupied by the semiconductor memory circuit. Therefore, 1t
1s possible to reduce the size of the actuator array and increase
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the degree of integration, and 1t 1s possible to obtain an inex-
pensive and high-definition 1image projection device.

10th Embodiment

FIG. 11 1s a perspective view 1llustrating an optical system
1300 according to a 10th embodiment of the present inven-
tion.

The optical system 1300 1s primarily used in an 1image
forming device.

As shown 1n FIG. 11, the optical system 1300 includes a
light source 1301, optical lenses 1302, 1303, an actuator array
1304, a control chip 1305, a projecting lens 1306, and a
projection plane 1307.

For example, the light source 1301 1s a white color light
source like a halogen lamp, a xenon lamp, a metal halide
lamp, or an ultrahigh pressure mercury lamp; or, the light
source 1301 1s a monochromatic light source, like a semicon-
ductor laser, a LED, or an array of the semiconductor lasers or
LED:s.

Light from the light source 1301 passes through the optical
lens 1302, and 1s shaped along a direction perpendicular to the
line of the actuator array 1304, thus becomes a line-shaped
light source. Then, line-shaped light from the line-shaped
light source passes through the optical lens 1303, and 1is
shaped along the line of the actuator array 1304. The light
passing through the two optical lenses 1302, 1303 1s 1rradi-
ated onto the actuator array 1304 1n arbitrary directions. The
light deflectors of the actuator array 1304 each are driven by
signals from the control chip 1303, which are generated based
on mput image data. The light deflectors each retlect the
incident light in an object direction (light 1n the object direc-
tion 1s referred to as “ON light™), and the ON light 1s directed
to the projecting lens 1306 for projection.

Here, the actuator array 1304 1s the one-dimensional light
deflection device array (one-dimensional actuator array) as
shown 1n FIG. 8A, that 1s, the actuator array 1304 1s able to
deflect incident light along one axis in two directions.

Light directed to the projecting lens 1306 1s enlarged and
projected onto the projection plane 1307 to a desired size.

It should be noted that in the optical system 1300, it 1s
described above that the retlected light 1s condensed to form
an 1mage near the mncidence side of the projecting lens 1306,
but the present embodiment 1s not limited to this. For
example, the optical system of the present embodiment may
form an 1mage on the surface of the light deflection array.

Since the one-dimensional light deflection device array
(one-dimensional actuator array) as shown 1n FIG. 8A 1s used
as the actuator array 1304, 1t 1s possible to drive the actuators’
corresponding pixels at a low voltage. Due to this, a low-
voltage semiconductor memory circuit can be used as the
semiconductor memory circuit; thus the area occupied by the
semiconductor memory circuit can be reduced. Therefore, 1t
1s possible to reduce the size of the actuator array and increase
the degree of integration, and 1t 1s possible to obtain an 1mex-
pensive and high-definition 1image projection device.

11th Embodiment

FI1G. 12 15 a perspective view schematically illustrating an
image forming device including a light writing unit 1500
according to an 11th embodiment of the present invention.

As shown 1n FIG. 12, the light writing unit 1500 includes
an optical system 1409 as shown 1n FIG. 11, which projects
reflected light according to input image data. The projected
light passes through an optical lens 1402a, 1s retlected by a
total reflection mirror 14025, and then 1s projected onto the
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line-shapes projection plane 1307 on a photoconductive drum
1401, which acts as an 1image carrier.

12th Embodiment

FIG. 13 1s a schematic view 1llustrating a configuration of
an 1image forming device 1400 according to a 12th embodi-
ment of the present invention.

Here, the light writing unit 1500 as shown in FIG. 12 1s
used 1in the image forming device 1400 ofthe present embodi-
ment.

The image forming device 1400 1s an electrophotographic
image forming device, which performs light writing 1n an
clectrophotographic manner to form 1mages. As shown 1n
FIG. 13, the image forming device 1400 includes a photocon-
ductive drum 1401, a charging unit 1403, light writing units
1409, 14024, 14025, a developing unit 1403, a transier unit
1404, a fusing unit 1406, a delivery tray 1407, and a cleaning
unit 1408.

The photoconductive drum 1401 is installed rotably along,
a direction D, and acts as a carrier of images. The charging
unmt 1405 1s a well known charging unit, which uniformly
charges the photoconductive drum 1401.

The light writing units 1409, 14024, 14025 direct incident
light beams onto the surface of the photoconductive drum
1401 to form a latent 1mage on the surface of the photocon-
ductive drum 1401.

The developing unit 1403 develops the latent 1mage to
convert the latent 1mage to a toner 1mage.

Then, the transter unit 1404 transiers the toner 1image onto
a sheet material P, and the toner image transierred on the sheet

material P 1s fused on the sheet matenal P by the fusing unit
1406.

Next, the sheet material P with the fused toner image 1s

delivered to the delivery tray 1407, and 1s accommodated 1n
the delivery tray 1407,

On the other hand, after the toner image 1s transferred onto
the sheet material P by the transier unit 1404, the photocon-
ductive drum 1401 1s cleaned by the cleaning unit 1408 and 1s
ready to be used 1n the next step.

Here, the light writing unit 1500 as shown in FIG. 12 1s
used as the light writing umts 1409, 1402q, 14026 1n the

image forming device 1400 of the present embodiment.

Since the light writing units 1409, 1402a, 14025 include
actuators each having a small contacting part, the light writ-
ing units are mexpensive and have high definition; hence 1t 1s
possible to obtain an 1nexpensive and high-definition image
forming device.

13th Embodiment

FIG. 14 1s a schematic view 1llustrating a configuration of
an 1mage projecting device 1501 according to a 13th embodi-
ment of the present invention.

In the present embodiment, the optical system as shown 1n
FIG. 9 1s used as a projecting optical system 1n the image
projecting device 1501.

As shown 1n FIG. 14, in the image projecting device 1501,
incident light modulated based on input 1mage data 1s pro-
jected with a projecting lens 1109, and 1mages are displayed
on a display unit, namely, a screen 1502.

Since the projecting optical system of the 1image projecting
device 1501 includes actuators each having a small contact-

ing part, 1t 1s possible to obtain an mexpensive and high-
definition 1image projecting device.
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14th Embodiment

FIG. 15 1s a schematic view illustrating a configuration of
an 1mage projecting device 1601 according to a 14th embodi-
ment of the present invention.

In the present embodiment, the optical system as shown in
FIG. 10 1s used as a projecting optical system 1n the image
projecting device 1601.

As shown 1n FIG. 15, 1n the image projecting device 1601,
incident light modulated based on input 1mage data 1s pro-
jected with a projecting lens 1207, and 1mages are displayed
on a display unit, namely, a screen 1602.

Since the projecting optical system of the image projecting
device 1601 includes actuators each having a small contact-
ing part, 1t 1s possible to obtain an 1nexpensive and high-
definition 1mage projecting device.

15th Embodiment

In the 15th embodiment, 1n addition to the features dis-
closed 1n the first and second embodiments, 1n the actuator,
the supporting member 103 i1s formed by overlapping two
layers, and a contacting part of the supporting member 103
corresponds to an overlapping portion of the two layers.

Further, 1n the actuator, the patterns of the two layers of the
supporting member 103 are a rectangle, and the contacting
part of the supporting member 103 corresponds to a portion
where a long-side of one layer intersects with a long-side of
the other layer.

FIG. 19A through FIG. 19D are a plan view and cross-
sectional views illustrating a structure of a light deflection
device according to the 15th embodiment of the present
invention.

Specifically, F1G. 19A 1s a plan view of the light deflection
device, FI1G. 19B 1s a cross-sectional view along an AA' line
in FI1G. 19A, FIG. 19C 1s a cross-sectional view along a BB’
line1n FIG. 19A, and FI1G. 19D 1s a cross-sectional view along
a CC' line 1n FIG. 19A.

Note that the light deflection device shown 1n FIG. 19A
through FIG. 19D corresponds to one actuator of a two
dimensional light deflecting array including plural actuators.

In the light deflection device shown in FIG. 19A through
FIG. 19D, a contacting voltage 1s applied on the plate member
104 (for example, a mirror), and the light deflection device 1s
able to detflect the incident light along two axes 1n four direc-
tions.

As shown in FIG. 19A through FIG. 19D, the light deflec-
tion device 1includes a substrate 101, plural regulation mem-
bers 102, a supporting member 103, a plate member 104, and
plural electrodes 105a, 1055, 105¢, and 1054.

The regulation members 102 are arranged at corners of the
substrate 101, respectively, and each of the regulation mem-
bers 102 has a stopper at 1ts top.

The supporting member 103 1s a stacked structure 1nclud-
ing a conductive lower member 1901 and a conductive upper
member 1902, and the conductive upper member 1902 1s in
the same layer as the electrodes 105a, 1055, 1035¢, and 10354.
The supporting member 103 1s arranged on the surface of the
substrate 101, and the upper surface of the supporting mem-
ber 103 1s 1n contact with the plate member 104.

The plate member 104 does not have a fixed end, namely,
the plate member 104 1s not fixed. On the upper portion of the
plate member 104, there are a light reflecting area and a
conductive layer formed of a member with at least a conduc-
tive part. At the bottom of the plate member 104, at least a
contacting part, which 1s 1n contact with the top of the sup-
porting member 103, 1s formed of a conductive member. The

10

15

20

25

30

35

40

45

50

55

60

65

22

plate member 104 1s movably arranged in the space sur-
rounded by the substrate 101, the supporting member 103,
and the stoppers of the regulation members 102. A voltage on
the plate member 104 1s supplied through contacting with the
supporting member 103.

The electrodes 105a, 10556, 105¢, and 1054 are arranged on
the substrate 101, and are substantially opposite to the con-
ductive layer of the plate member 104.

A contacting part 601 1s formed by overlapping an insulat-
ing film 106 on ends of patterns of the electrodes 103a, 1055,
105¢, and 105d, and the contacting part 601 1s smaller than a
processing limit of the lithography techmique, as described in
the first and second embodiments.

The conductive lower member 1901 of the supporting
member 103 has a rectangular shape when viewed from the
top of the actuator (refer to FIG. 19A). The conductive upper
member 1902 also has a rectangular shape when viewed from
the top, and the conductive upper member 1902 1s perpen-
dicular to the conductive lower member 1901. That 1s, the
conductive upper member 1902 overlaps on the conductive
lower member 1901, thereby forming a contacting part of the
supporting member 103, which contacting part of the sup-
porting member 103 1s smaller than a processing limait of the
lithography technique.

In the light deflection device of the present embodiment, by
an appropriate combination of voltages applied on the elec-
trodes 1035a, 1055, 105¢, 1054, and the supporting member
103, as shown i FIG. 19C and FIG. 19D, the plate member
104 1s inclined 1n four directions, namely, “direction 17,
“direction 27, “direction 37, and “direction 4” 1n FIG. 19C
and FIG. 19D. Therefore, for example, when a light beam 1s
incident 1n a direction perpendicular to the surface of the
substrate 101, the plate member 104 reflects the incident light
beam 1n the four directions. On the contrary, when at most
four light beams are 1incident respectively in the four direc-
tions, the plate member 104 retlects the incident light beams
in the direction perpendicular to the surface of the substrate
101.

Since both the contacting part 601 and the contacting part
of the supporting member 103 are smaller than the processing
limit of the lithography technique, the light deflection device
can be made small. It 1s therefore possible to prevent the plate
member (for example, a mirror) from being fixed, and to drive
the actuator at a low voltage.

FIG. 20A through FIG. 20C are a plan view and cross-
sectional views 1llustrating the supporting member 103 of the
present embodiment.

Specifically, FIG. 20A 1s a plan view of the supporting
member 103 of the present embodiment, FIG. 20B 1s a cross-
sectional view along a BB' line in FIG. 20A, and FIG. 20C 1s
a cross-sectional view along a CC' line 1n FIG. 20A.

As shown 1n FIG. 20A through FIG. 20C, the supporting
member 103 1s formed by overlapping the upper member
1902 on the lower member 1901, and the overlapping portion
of the upper member 1902 on the lower member 1901 con-
stitutes the contacting part of the supporting member 103.
The upper member 1902 and the lower member 1901 are
rectangular, and the contacting part of the supporting member
103 corresponds to the portion where the upper member 1902
intersects with the lower member 1901.

FIG. 21A through FIG. 21C are a plan view and cross-
sectional views 1llustrating another example of the supporting
member 103 of the present embodiment.

Specifically, FIG. 21A 1s a plan view of the supporting
member 103 of the present embodiment, FIG. 21B 1s a cross-
sectional view along a BB' line in FIG. 21A, and FIG. 21C 1s

a cross-sectional view along a CC' line 1n FIG. 21A.
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In the example shown i FIG. 21A through FI1G. 21C, the
upper member 1902 and the lower member 1901 are formed
of the same metal, or similar metals. Thus, when patterning
the upper member 1902, which 1s at the upper position, the
lower member 1901, which 1s at the lower position, 1s also
etched to a certain depth; therefore, the contacting part of the
supporting member 103 1s more projected.

In a common light deflection device, the contacting part of
the supporting member 103 constantly contacts the plate
member 104 (Tor example, a mirror), and, similar to the con-
tacting part 601, the constant contact between the supporting,
member 103 and the plate member 104 may fix the plate
member 104 (contact fixing). This contact fixing 1 turn
impedes motion of the plate member 104, and results 1n an
increase of the driving voltage of the actuator.

To solve this problem, 1t 1s attempted to reduce the size of
the upper surface of the supporting member 103 as much as
possible; for example, it 1s 1deal that the upper surface of the
supporting member 103 be reduced to a point. However,
when using a general lithography device, like a common
1-line stepper, 1t 1s difficult to reduce the size of an object to a
level less than the processing limat.

For example, when fabricating a supporting member hav-
ing an upper surface of a diameter 1n a range from 0.3 um to
0.6 um, 1t 1s required to form a cylindrical column having a
diameter in the range from 0.3 um to 0.6 um as aresist used as
an etching mask. However, since this size 1s so small and
equivalent to the size of particles (foreign matter) drifting
inside or outside the processing device, with usual lithogra-
phy techniques, diffracting light or reflecting light during
exposure cannot distinguish the particles and the etching
mask.

In contrast, in the present embodiment, for example, the
rectangular lower member 1901 and the rectangular upper
member 1902 have short-sides of 0.4 um and 1.5 um. When
the rectangular lower member 1901 and the rectangular upper
member 1902 are overlapped 1n their long-side direction, the
contacting part ol the supporting member 103, that 1s, the
overlapping portion of the rectangular lower member 1901
and the rectangular upper member 1902, 1s nearly a square,
and each side thereof 1s about 0.4 um. It should be noted that
the rectangular pattern of the lower member 1901 and the
upper member 1902 having the above dimensions can be
casily fabricated by using a general lithography device, like a
common 1-line stepper. For example, 1t 1s well known that a
gate electrode of a semiconductor device having the above
dimensions can be fabricated by using a common 1-line step-
per, or other general lithography device.

Theretfore, according to the present embodiment, 1t 15 pos-
sible to form a fine contacting part of the supporting member

103.

FIG. 22A through FIG. 221 are cross-sectional views
exemplitying a method of producing the light deflection
device (actuator) as shown i FIG. 19A through FIG. 19D
which has the fine contacting part 601 and the fine contacting,
part of the supporting member 103.

Specifically, FIG. 22A through FIG. 221 are cross-sec-
tional views along an AA' line in FIG. 19A.

In the step shown in FIG. 22A, an aluminum-based alloy
film for forming the lower member 1901 of the supporting
member 103 1s deposited on the substrate 101 by DC magne-
tron sputtering. Then a resist pattern 1s formed by 1-line step-
per lithography, and the lower member 1901 of the supporting,
member 103 1s then patterned by dry etching to have a rect-
angular shape.
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Here, for example, the substrate 101 1s a silicon substrate,
and a silicon oxide film (not 1llustrated) 1s formed to cover the
entire surface of the substrate 101.

In the step shown in FIG. 22B, the electrodes 1054, 1055,
105¢, and 1054, and the upper member 1902 of the supporting,
member 103 are formed of a titanium nitride (T1N) thin film.
Specifically, the TiN thin film 1s formed by reactive sputtering
by using a titanium target, and the electrodes 105a, 1055,
105¢, and 10354, and the upper member 1902 of the supporting
member 103 are patterned by 1-line stepper lithography and
dry etching. These electrodes 103a, 1055, 105¢, and 1054
also serve as one of the layers constituting the fine contacting
part 601.

The upper member 1902 of the supporting member 103 1s
patterned to be a rectangle perpendicular to the lower member
1901.

It should be noted that 1n FIG. 22B, only the electrodes
10556 and 105¢ are illustrated.

In the step shown n FIG. 22C, a silicon oxide film 1s
formed by plasma CVD, which serves as the insulating film
106, that 15, one constituent layer of the fine contacting part
601. Then, the insulating film 106 1s patterned by stepper
lithography and dry etching.

In this step, the end of the pattern of the mnsulating film 106
1s superposed on the ends of the patterns of the electrodes
105a, 1055, 105¢, and 1034, and the resulting overlapping
part constitutes the fine contacting part 601.

In the step shown 1n FIG. 22D, a flat organic film of heat-
resistance 1s formed by spin-coating, and aiter that, the
organic {1lm 1s hardened by heat treatment. This organic film
1s referred to as a first sacrifice film 801. It should be noted
that a poly-crystal silicon film may be used as the first sacri-
fice film 801 instead of the above organic film.

In the step shown 1n FIG. 22E, an aluminum-based alloy
f1lm used for the plate member 104 1s deposited by DC mag-
netron sputtering and 1s then patterned. The plate member 104
1s formed of a stacked structure of a layer of high light-
reflectivity and a layer of high elasticity and rigidity, and also
has functions of a conductive layer.

In the step shown 1n FIG. 22F, another flat organic film of
heat-resistance 1s formed by spin-coating again, and after
that, the organic film 1s hardened by heat treatment. This
organic film 1s referred to as a second sacrifice film 802. It
should be noted that a poly-crystal silicon film may be used as
the second sacrifice film 802 instead of the organic film.

In the step shown 1n FIG. 22G, the substrate including the
structure formed so far 1s divided into plural separate light
deflection devices. In order to form the stoppers of the regu-
lation members 102, openings serving as slits or holes are
formed and are patterned in the first sacrifice film 801 and the
second sacrifice film 802 simultaneously by stepper lithogra-
phy and dry etching.

In the step shown in FI1G. 22H a silicon oxide film 1s formed
by plasma CVD, which serves as the regulation members 102
having stoppers. Then, the silicon oxide film 1s patterned by
stepper lithography and dry etching.

It should be noted that the arrangement of the regulation
members 102 having stoppers 1s not limited to that shown 1n
FIG. 22H, but can be arranged at any other positions as long
as the regulation members 102 are able to confine the plate
member 104 1nto a specified space.

In the step shown 1n FIG. 221, the residual first sacrifice
film 801 and the residual second sacrifice film 802 are
removed by plasma etching through the openings, and
thereby, the plate member 104 1s located 1n a space which
limits the movable range of the plate member 104. In this way,
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the light deflection device (actuator) as shown 1n FIG. 19A
through FI1G. 19D 1s fabricated.

When etching the sacrifice films, depending on types of the
sacrifice films, not only dry etching but also wet etching can
be used. In addition, since etching of the sacrifice films pro-
ceeds 1n the surface direction of the substrate, the plate mem-
ber 104 1s exposed 1n the etching environment when etching,
the sacrifice films. For this reason, 1t 1s important that appro-
priate materials resistant against etching be selected for the
plate member 104.

It should be noted that 1n the method 1llustrated 1n FIG. 22 A
through FIG. 221, a voltage supplying line for supplying a
voltage to the electrodes 1054a, 1055, 105¢, and 1054, and the
supporting member 103 1s omitted.

According to the above embodiments, since the actuator
has a contacting part of a size less than a resolving power or
resolution of a semiconductor process or a semiconductor
process processing device, 1t 1s possible to prevent the opera-
tion part from being fixed, and it 1s possible to drive the
actuator at a low voltage.

In addition, a deflection angle of the plate member can be
controlled easily and stably, and the response speed 1s high.
Further, long-term degradation can hardly occur, and 1t 1s
possible to improve the ratio of the retlected light on an ON
condition and the reflected light on an OFF condition
(namely, the S/N ratio 1 a still image device, or a contrast
rat1o 1 a video device). Further, it 1s possible to reduce the
s1ze of the actuator and increase the degree of integration at
low cost, and it 1s possible to perform one-axis two-dimen-
sional light deflection and two-axis three-dimensional light
deflection. Furthermore, 1t 1s possible to prevent the mirror
from being fixed, and 1t 1s possible to drive the actuator at a
low voltage.

In addition, since one or more layers of the contacting part
are also used as the layer for forming the electrodes, fabrica-
tion cost can be lowered.

In addition, since a small supporting part can be formed,
the contacting area can be reduced greatly; thus the sticking
torce induced by contact can be reduced sufficiently, and a
driving voltage of the actuator can be decreased.

In addition, since the resolving power or resolution of a
short-side of a rectangular pattern 1s higher than a square
pattern, with rectangular patterns intersecting each other, 1t 1s
possible to form a small contacting part of the supporting
member; thus the contacting area can be reduced greatly, the
sticking force induced by contact can be reduced suificiently,
and a driving voltage of the actuator can be decreased.

In addition, since each actuator corresponding to one pixel
can be driven at a low voltage, a small, highly-integrated, and
low driving voltage memory circuit can be used as a semi-
conductor memory circuit in the actuator for storing image
data; hence 1t 1s possible to make the actuator array small and
highly-integrated, thereby realizing a small optical system.

In addition, since an 1nexpensive and high-definition light
writing unit 1s used, 1t 1s possible to obtain an inexpensive and
high-definition 1mage forming device. Further, since an inex-
pensive and high-definition display unit 1s used, it 1s possible
to obtain an inexpensive and high-definition image projection
device.

The present invention further includes the following
embodiments.

Al. An optical system, comprising:

an actuator array that includes a plurality of actuators
arranged 1n one dimension or two dimensions;

a light source that emaits light onto the actuator array; and

a projecting lens that projects light reflected from the
actuator array according to image data,
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wherein

cach of the actuators includes

an operating part; and

a contacting part that 1s 1n contact with the operating part,

said contacting part being formed by overlapping a first
pattern on an end of a second pattern, said first pattern
having a solid structure, a size of an upper portion of the
solid structure of the first pattern on the second pattern
being less than a processing resolving power or resolu-
tion.

A2. An 1image forming device, comprising;

a light writing unit that includes an optical system, said
optical system including an actuator array having a plurality
ol actuators arranged 1n one dimension or two dimensions, a
light source for emitting light onto the actuator array, and a
projecting lens for projecting light retlected from the actuator
array according to image data,

wherein

cach of the actuators includes

an operating part; and

a contacting part that 1s in contact with the operating part,

said contacting part being formed by overlapping a first
pattern on an end of a second pattern, said first pattern
having a solid structure, a size of an upper portion of the
solid structure of the first pattern on the second pattern
being less than a processing resolving power or resolu-
tion.

A3. An 1image projecting device, comprising:

a display unit that includes an optical system, said optical
system including an actuator array having a plurality of actua-
tors arranged 1n one dimension or two dimensions, a light
source for emitting light onto the actuator array, and a pro-
jecting lens for projecting light reflected from the actuator

array according to image data,

wherein

cach of the actuators includes

an operating part; and

a contacting part that 1s in contact with the operating part,

said contacting part being formed by overlapping a first
pattern on an end of a second pattern, said first pattern
having a solid structure, a size of an upper portion of the
solid structure of the first pattern on the second pattern
being less than a processing resolving power or resolu-
tion.

While the present invention 1s described with reference to
specific embodiments chosen for purpose of illustration, it
should be apparent that the invention 1s not limited to these
embodiments, but numerous modifications could be made
thereto by those skilled in the art without departing from the
basic concept and scope of the invention.

This patent application 1s based on Japanese Priority Patent
Applications No. 2006-196015 filed on Jul. 18, 2006, and No.

2007-030907 filed on Feb. 9, 2007, the entire contents of
which are hereby incorporated by reference.

What 1s claimed 1s:

1. An actuator, comprising:

an operating part;

a contacting part that 1s 1n contact with the operating part,
said contacting part being formed by overlapping a first
pattern on an end of a second pattern, and said first
pattern having a solid structure;

a substrate;

a plurality of regulation members that are arranged at cor-
ners of the substrate, respectively, each of said regula-
tion members having a stopper at a top thereoft;

a supporting member that has a top part, and 1s arranged on
the surface of the substrate;
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a plate member that acts as the operating part, and does not
have a fixed end, said plate member including a light
reflecting area, a conductive layer formed of a member
having a conductive portion, said plate member being
movably arranged 1n a space among the substrate, the
supporting member, and the stoppers of the regulation
members; and

a plurality of electrodes that are arranged on the substrate,
and nearly opposite to the conductive layer of the plate
member,

wherein:
the contacting part 1s formed by overlapping two or more
layers,

the contacting part corresponds to an overlapping portion
of an end of a pattern of one of the two or more layers and
an end of a pattern of another one of the two or more
layers, and

the plate member 1s inclined by an electrostatic attractive
force with the supporting member as a center to detlect
light incident onto the light reflecting area.

2. The actuator as claimed 1n claim 1, wherein at least one

of the two or more layers of the contacting part corresponds to
a layer forming the electrodes.

3. The actuator as claimed 1n claim 2, wherein

the supporting member 1s formed by overlapping two or
more layers, and

a contacting part of the supporting member corresponds to
an overlapping portion of patterns of the two or more
layers.

4. The actuator as claimed 1n claim 3, wherein

cach of the patterns of the two or more layers 1s a rectangle,
and

the contacting part of the supporting member corresponds
to a portion where a long-side of one of the two or more
layers intersects with a long-side of another one of the
two or more layers.

5. An actuator array, comprising:
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a plurality of actuators arranged 1n one dimension or two
dimensions,
wherein each of the actuators 1includes:

an operating part;

a contacting part that 1s 1n contact with the operating
part, said contacting part being formed by overlap-
ping a {irst pattern on an end of a second pattern, and
said first pattern having a solid structure;

a substrate:

a plurality of regulation members that are arranged at
corners of the substrate, respectively, each of said
regulation members having a stopper at a top thereof;

a supporting member that has a top part, and 1s arranged
on the surface of the substrate:

a plate member that acts as the operating part, and does
not have a fixed end, said plate member including a
light reflecting area, a conductive layer formed of a
member having a conductive portion, said plate mem-
ber being movably arranged 1n a space among the
substrate, the supporting member, and the stoppers of
the regulation members; and

a plurality of electrodes that are arranged on the sub-
strate, and are nearly opposite to the conductive layer
of the plate member,

wherein:

the contacting part 1s formed by overlapping two or more
layers,

the contacting part corresponds to an overlapping portion
of an end of a pattern of one of the two or more layers and
an end of a pattern of another one of the two or more
layers, and

the plate member 1s inclined by an electrostatic attractive
force with the supporting member as a center to deflect
light incident onto the light reflecting area.

6. The actuator array as claimed in claim 5, wherein at least

one of the two or more layers of the contacting part corre-
sponds to a layer forming the electrodes.
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